iNTroDucTioN
The first step to determining the nutritional requirements for the growth of cattle is to measure their body composition (BR-CORTE; Valadares Filho et al., 2010) , and this can be done using direct or indirect methods. A direct method requires the whole dissection of the carcass and body, which is expensive and arduous. Indirect methods involve easily obtained parameters and cheaper methods. The most common indirect method is the rib section proposed ABsTrAcT: It is expensive and laborious to evaluate carcass composition in beef cattle. The objective of this study was to evaluate a method to predict the 9th to 11th rib section (rib 9-11 ) composition through empirical equations using dual energy X-ray absorptiometry (DXA). Dual energy X-ray absorptiometry is a validated method used to describe tissue composition in humans and other animals, but few studies have evaluated this technique in beef cattle, and especially in the Zebu genotype. A total of 116 rib 9-11 were used to evaluate published prediction equations for rib [9] [10] [11] composition and to develop new regression models using a cross-validation procedure. For the proposed models, 93 ribs were randomly selected to calculate the new regression equations, and 23 different ribs were randomly selected to validate the regressions. The rib 9-11 from left carcasses were taken from Nellore and Nellore × Angus bulls from 3 different studies and scanned using DXA equipment (GE Healthcare, Madison, WI) in the Health Division at Universidade Federal de Viçosa (Viçosa, Brazil). The outputs of the DXA report were DXA lean (g), DXA fat free mass (g), DXA fat mass (g), and DXA bone mineral content (BMC; g). After being scanned, the rib 9-11 were dissected, ground, and chemically analyzed for total ether extract (EE), CP, water, and ash content. The predictions of rib fat and protein from previous published equations were different (P < 0.01) from the observed composition. New equations were established through leave-one-out cross-validation using the REG procedure in SAS. The equations were as follows: lean (g) = 37.082 + 0.907× DXA lean (R 2 = 0.95); fat free mass (g) = 103.224 + 0.869 × DXA fat free mass (R 2 = 0.93); EE mass (g) = 122.404 + 1.119 × DXA fat mass (R 2 = 0.86); and ash mass (g) = 18.722 + 1.016 × DXA BMC (R 2 = 0.39). The equations were validated using Mayer's test, the concordance correlation coefficient, and the mean square error of prediction for decomposition. For both equations, Mayer's test indicated that if the intercept and the slope were equal to 0 and 1 (P > 0.05), respectively, then the equation correctly estimated the rib composition. Comparing observed and predicted values using the new equations, Mayer's test was not significant for lean mass (P = 0.26), fat free mass (P = 0.67), EE mass (P = 0.054), and ash mass (P = 0.14). We concluded that the rib 9-11 composition of Nellore and Nellore × Angus bulls can be estimated from DXA using the proposed equations.
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by Hankins and Howe (1946) , using equations to estimate the chemical and physical composition of the carcass from the composition of the 9th to 11th rib section. Nevertheless, the evaluation of rib section composition demands dissection and laboratory analyses, which might limit its large-scale use. Therefore, a faster method would be helpful. Dual energy X-ray absorptiometry (DXA) is a validated method used to assess body composition. This method is faster and cheaper (there is just the initial cost of the equipment) than direct evaluation (Mercier et al., 2006) . Its application is very common for predicting the mineral composition of bone as well as fat and muscle mass in humans, but scarce evaluations have been conducted in beef cattle (Mitchell et al., 1997; Ribeiro et al., 2011) . Ribeiro et al. (2011) have proposed regression equations to predict the physical and chemical composition of the rib in Angus cattle using DXA, but their accuracy has to be evaluated for the Zebu genotype, because a variation in rib composition is expected.
This study first tested the Ribeiro et al. (2011) equations to predict the crude protein and fat in the rib section in percentage. Next, we developed empirical equations to estimate the composition of rib sections for Nellore and Nellore × Angus cattle, and finally we evaluated its accuracy and precision.
mATeriALs AND meTHoDs
The trials were conducted at the Universidade Federal de Viçosa, Brazil. The institutional ethics committee approved all procedures involving animals (protocols number 05/2013, 20/2013, and 17/2015) .
Database
One hundred sixteen Nellore and Nellore × Angus cattle (initial BW of 251 ± 42 kg and age of 9 ± 0.6 mo) from 3 different studies were used in this trial. Study 1 consisted of 36 Nellore bulls. Study 2 consisted of 20 Nellore and 20 Nellore × Angus bulls. Study 3 consisted of 40 Nellore bulls. Descriptive statistics of cattle performance and carcass characteristics are presented in Table 1 .
Ninth to 11th Rib Section Sampling, Dual Energy X-Ray Absorptiometry Scanning, and Chemical Analyses
Before slaughter, feed was restricted for 14 h. The slaughter process used a captive bolt stunning followed by exsanguination from the jugular vein, evisceration, and hide removal. After slaughter, the carcasses were divided into 2 halves and were chilled at 4°C for 24 h. Once chilled, the one-half carcasses were cut and the 9th to 11th rib sections (rib 9-11 ) were collected according to Hankins and Howe (1946) . The rib sections were identified, vacuum-packed in plastic bags, and conducted to the Health Division at the Universidade Federal de Viçosa (Viçosa, Brazil). The rib 9-11 were placed on the DXA equipment (GE Lunar Prodigy Advance DXA System; GE Healthcare, Madison, WI), and scanning was performed using small animal composition software at small mode to obtain the DXA lean, DXA fat free (DXA lean + DXA bone mineral content [Bmc]), DXA fat, and DXA BMC masses. The rib sections were always positioned on the DXA table the same way (bone side down and in the horizontal position). After scanning, the rib 9-11 were dissected, ground separately into meat and bone tissues, sampled, lyophilized, ground again with liquid nitrogen in a rotary mill with a 1-mm screen, and stored at −15°C for subsequent chemical analysis.
The rib 9-11 samples were analyzed for moisture (method 934.01), ash (method 942.05), CP (method 954.01), and ether extract (ee) content (method 920.39) in accordance with the methods of the Association of Official Analytical Chemists (1990) to determine the observed chemical composition.
Ribeiro Equations
From the observed DXA values, the following equations, proposed by Ribeiro et al. (2011) , were used: chemical EE (%) = 5.9267 + 0.8944 × DXA fat (%) and chemical protein (%) = −2.7676 + 0.2736 × DXA lean (%). The predictive equations were tested using the model evaluation system (mes; version 3.1.15; http://nutritionmodels.com/mes.html [accessed November 3, 2016] ), as proposed by Tedeschi (2006) . 
Cross-Validation and Prediction Evaluation
Statistical procedures were performed using SAS (9.4; SAS Inst. Inc., Cary, NC) with the animal being the experimental unit. The training data set had 93 animals from 3 studies, and the validation data set had 23 animals (a random sampling of 20% from each study). To develop new prediction equations based on the input variables (DXA lean mass,, DXA EE mass, and DXA BMC), a leave-one-out cross-validation method was proposed. Without loss of generality for each variable, the original training data set with 93 individuals was divided into 93 new data sets (D k ) with 92 individuals, D 1 , D 2 , …, D 93 . Each index k in this data set notation indicates that the kth observation was removed. Linear regression models were fitted separately for each D k , which represents the estimated intercept and slope from each fit. Thus, at the end of this process, empirical distributions and coefficients of determination containing 93 values were obtained for these parameters. The means of the parameter distributions were assumed as the coefficients of the prediction equations. The mentioned linear regression analyses were performed using PROC REG in SAS (9.4) software.
For comparisons between the DXA-predicted and observed chemical composition, we used MES, as proposed by Tedeschi (2006) . To verify the effectiveness of the generated models, the observed values were regressed in predicted values and the hypothesis that intercept = 0 and slope = 1 was tested (Mayer et al., 1994) . The accuracy between the DXA-predicted and observed values was evaluated on the basis of their adjusted coefficients of determination (r 2 ) and the mean square error of prediction (Bibby and Toutenburg, 1977) for decomposition. The concordance correlation coefficient (ccc) was used to verify precision and accuracy, and CCC is a gold standard (Lin, 1989) .
resuLTs AND DiscussioN

Descriptive Statistics of Database
Summary descriptive statistics of training and validation data are presented in Table 2 . The average weight of the rib sections was 3.46 kg. The average of observed EE mass was 965 g, compared with 753 g of EE tissue in the DXA output. This shows an underestimation for EE content in the ribs by using the EE tissue mass Table 2 . Means, SD, and maximum as well minimum values for rib section and chemical composition (g), which were estimated through dual energy X-ray absorptiometry (DXA) estimated by DXA, probably because the lipid content of the muscles and bones were not detected by DXA. The average of observed fat free mass was 2,495 g, compared with 2,753 g in the DXA output. The average of observed lean mass was 2,355 g, compared with 2,556 g in the DXA output. The average of observed ash was 219 g, compared with 197 g of BMC in the DXA output. Figures 1A, 1B, 1C , and 1D show the relation between the rib sections of cattle measured by DXA outputs and those determined by a direct chemical composition method. Fat mass was underestimated and fat free was overestimated by DXA. Therefore, new prediction equations were proposed. et al. (2011) propounded 2 regression equations to predict chemical fat and protein on rib sections. Therefore, we tested these predictions for the data set (116 animals). The predictions of EE and protein in percentage were not correctly predicted, according to Mayer's test (Table 3 ). There was a significant result (P < 0.01) for fat and protein (P < 0.01). The results showed that Ribeiro's equations were not adequate to measure fat and protein in ribs from Nellore and Nellore × Angus bulls. The averages of the observed values were 26.7 and 21.5% and the averages of the predicted values were 24.5 and 17.7% for EE and protein, respectively. Probably, these differences are due to differences between the genotypes used in the 2 studies. Protein and fat content were underestimated. Therefore, new equations were developed for the Zebu genotype.
Ribeiro Equations
Ribeiro
Equations Based on Dual Energy X-Ray Absorptiometry
Chemical composition was considered to be the standard measurement of rib composition. The relationship between the chemical composition of the whole rib 9-11 and the DXA lean, DXA fat free, DXA EE, and DXA BMC masses was analyzed using a cross-validation method. The best models were evaluated (Table 4) . A comparison of the observed and predicted chemical composition from the DXA equations for lean, EE, fat free, and ash content is presented in Table 5 .
The average of observed EE was 938 g, compared with prediction of 964 g. A plot of the relationship between the scaled weight of the components and the DXA equation is shown in Fig. 1 . Mitchell et al. (1997) observed significantly more fat using DXA than was measured by dissection. The average of observed fat free was 2,480 g, compared with the predicted 2,453 g. The average of observed lean content was 2,404 g, compared with the predicted 2,355 g. The average of observed ash content was 210 g, compared with the predicted 221 g. The highest predictive accuracy was shown for fat free composition. Figure 1 presents the relation between rib section composition predicted from DXA equations and that determined by chemical composition. The data dispersion around the identity line was homogenous and shows the good accuracy of the equations to estimate EE, fat free, lean, and ash contents. Table 5 depicts the results from statistical evaluations of the proposed models. The DXA equations predicted the chemical composition of the rib 9-11 with good accuracy and precision. The lean, fat free, and EE variables had a very high correlation (CCC = 0.975 for lean, CCC = 0.968 for fat free, and CCC = 0.945 Table 4 . Models for the prediction of chemical composition (g) for rib section using dual energy X-ray absorptiometry 2 CCC = concordance correlation coefficient; varies from 0 to 1.
3 Cb = bias correction; varies from 0 to 1; 1 indicates no deviation from Y = X.
4 RMSEP = root mean square error.
for EE), and the ash variable had a high correlation (CCC = 0.784), according to Hinkle et al. (2003) , suggesting satisfactory precision and accuracy. The DXA equations are an accurate, easy, and fast tool for assessing the chemical composition of rib [9] [10] [11] . The equations developed are recommended to be used for Nellore and Nellore × Angus cattle. The DXA measurements (GE Lunar Prodigy Advance DXA System) and scanning performed using small animal composition software were correlated with the composition of the beef carcass sections, but future work should evaluate its accuracy when estimating the composition of the whole carcass.
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